Background Stabilization after a pelvic fracture can be accomplished with an anterior external fixator. These devices are uncomfortable for patients and are at risk for infection and loosening, especially in obese patients. As an alternative, we recently developed an anterior subcutaneous pelvic internal fixation technique (ASPIF).
Introduction
Anterior external fixation is common for initial stabilization and also for definitive treatment in combination with posterior fixation for unstable pelvic fractures. Several groups report its use for treating vertically stable AP compression injuries [2, 8] and lateral compression pelvic fractures [2, 17] . The complications associated with external pelvic frames include pin tract infection in 2.5% to 50% of patients [1, 2, 4, 11-17, 19, 21] , osteomyelitis in 0% to 7% [1, 2, 11, 13, 16, 19] , aseptic loosening in 0% to 19% [11, 13, 16, 17, 19] , and loss of reduction in 0% to 33% [2, 4, 11] of rotationally unstable injuries treated with a standalone anterior external fixator. Loss of reduction in vertically unstable pelvic injuries treated with an isolated anterior external fixator is reported as high as 95% [11, 12, 18] and as low as 0% to 8% when combined with posterior fixation [4, 13, 16] . Compression of the skin and subcutaneous tissues against the fixator frame has been documented in up to 8% [13] and nerve damage in 0% to 7% [2, 4, 11, 16] of these patients. An anterior pelvic external fixator limits patient mobility, especially when sitting and when being rolled from side to side. In obese patients, external fixation is particularly difficult because the distance from the pelvis to the bar clamp can be 10 to 15 cm, which decreases the stability of the construct and makes large, gaping pin tracts [7] . The external fixator is convenient for the surgeon [12] but is unsightly and cumbersome for the patient. Several articles have advocated constructs with a single pin in the dense supraacetabular region of each ilium [2, 3, 6] . One biomechanical study suggests these anteroinferior pins produce more stable constructs than conventional anterosuperior or iliac pins in rotationally and vertically unstable fracture patterns [9] . The pins are then connected to an external bar or a femoral distracter, which can help reduce the anterior pelvic injury [5] .
With the aim of improving patient comfort and minimizing the complications associated with an external fixator, we developed a technique using the established principles of anterior external fixation but with internal implants. The technique consists of single supraacetabular pedicle screws placed in each ilium connected with a subcutaneous rod, which we describe as an anterior subcutaneous pelvic internal fixator (ASPIF) [20] .
With a multicenter group who have been engaged in the use of this technique, we asked if this technique (1) allows for definitive anterior pelvic stabilization of unstable fractures resulting in healing; (2) is well tolerated by patients allowing them mobility and comfort; and (3) has a complication rate comparable to a historical rate with anterior external fixation.
Patients and Methods
An Institutional Review Board-approved retrospective review was performed at four Level I trauma centers in the United States. The sites were Detroit Receiving Hospital, University of Utah, Parkland Hospital, and Ortho Indy Methodist Hospital. We retrospectively reviewed 96 patients who underwent ASPIF ( Fig. 1 ) from November 2007 to December 2010 after an unstable fracture of the pelvis. The indication for surgery was an unstable pelvic fracture in which the surgeon believed there was a need for anterior fixation (same as external fixation). The contraindications were: hemodynamically unstable patients, patients with soft tissue defects that prevented coverage of the ASPIF, and patients with fractures through the insertion points of supraacetabular screws. There were 56 males and 40 females with an average age of 39.2 years (range, 16-71 years). Five patients were lost to followup before 6 months, which left 91 patients who were studied. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. The minimum followup was 6 months (mean, 15 months; range, 6-40 months); 69 of the 96 patients (72%) had followup greater than 12 months.
All patients had preoperative AP pelvis, inlet and outlet radiographs, pelvic CT scans and were classified according to the Young and Burgess classification of pelvic fractures [22] that is based on the mechanism of injury. It includes lateral compression (LC), AP compression (APC), vertical shear (VS), and a combined mechanism (CM). Lateral compression and APC injuries are further subdivided into three subtypes (Table 1 ).
In addition, there were some associated conditions that we believed benefitted from the ASPIF at each site. These conditions included a combination injury of a pelvic fracture and an acetabular fracture (10 patients; Fig. 2 ), an open pelvic fracture (three patients), a pathologic pelvic fracture (three patients), treatment after failed fixation with other means (three patients), and after a nonhealing osteoporotic fracture (one patient). The ASPIF was used for five cases that were classified as LC1. These were cases that were not able to sit up and be mobile after several days to several weeks. The ASPIF was placed and allowed the patients to sit and get out of bed. It is an unusual indication and we do not recommend this routinely.
All patients had the appropriate Advanced Trauma Life Support care from trauma surgeons and were brought to the operating room in stable condition. If posterior instability existed, it was addressed first using the standard techniques of reduction and iliosacral screw placement or posterior plating. Two surgeons participating in this study (AJS, DGD) routinely used the Starr Frame to reduce the fracture before fixation [10] . The ASPIF consisted of custom polyaxial pedicle screws used in spinal surgery and a connecting rod. The screws were 7 to 8.5 mm in diameter and 70 to 110 mm in length depending on the size of the patient. These are not normally a part of spinal instrumentation sets so they needed to be specifically requested. The technique for ASPIF insertion, which we used in this group of patients, has been previously described [21] .
In the case of APC or VS injuries, the construct is compressed with the standard compression tools found in all spine sets. In the case of LC injuries, the ASPIF was placed without compression or with some distraction if necessary [2] . In the case of a windswept pelvis (LC3), the open posterior injury was fixed first with iliosacral screws to close the posterior component. The ASPIF was applied and the LC component of the injury distracted to reestablish the configuration of the pelvis. Suitable reduction and implant position was confirmed on fluoroscopic AP, inlet, and outlet views. Postoperative recommendations were toe-touch weightbearing on the side of the posterior injury and weightbearing as tolerated on the side without a posterior injury. Patients with bilateral posterior pelvic injuries remain nonweightbearing. Weightbearing was started at 8 to 12 weeks postinjury depending on radiographs, patient comfort, and surgeon preference and was advanced as tolerated. All sites removed the implant between 3 and 6 months after surgery.
Patients were seen at 2 weeks, 6 weeks, 3 months, 6 months, 1 year, and at latest followup. The patients were asked about their ability to sit, if they had trouble with ambulation because of the implant, if the screw heads bothered them, if the rod bothered them, and if they could lie on their sides. Complications evaluated included loss of fixation or reduction, if the rod was too tight on the abdomen, infection, heterotopic ossification, and lateral femoral cutaneous nerve irritation. Lateral femoral nerve irritation was described as temporary (paresthesias, numbness, or pain that disappeared) or injury (paresthesias, numbness, or pain that was persistent).
The radiographic images at each followup visit included an AP pelvis and inlet and outlet views. These were evaluated by independent observers at three of the four sites (DRH, Parkland, Ortho Indy) and by the surgeon at one site (Utah). Healing was determined by a progression of callus formation until radiographic union and the ability to weightbear without pain. Loss of reduction was determined by failure of the implants to hold the reduction obtained, and failure of fixation was assessed by implant breakage, uncoupling of the ASPIF components, or loosening at the screw-bone interface.
Results
All patients were able to weightbear as tolerated and attained radiographic union. No patient had nonunion at last followup.
All the patients were able to sit and stand with the device in place (91 of 91). Seventy-one of 77 patients who were asked could lie on their sides. Although patients could feel the implants, it did not interfere with their ability to ambulate in any patient (91 of 91).
Early revision surgery was required in a total of six of the 91 patients (7%). Three of these six patients lost reduction ( Table 2 ); in two of these three patients (both APC2), this was attributed to unfamiliarity with the pedicle screw caps. Revision was performed the next day. We believed the caps had been cross-threaded and then had come loose resulting in the loss of fixation. The rod was reinserted on the same screw heads and new caps were placed and were tensioned appropriately. This happened on two occasions and resulted in a successful outcome and maintenance of reduction. In one patient (VS), there was loss of anterior and posterior fixation. A revision was performed of the ASPIF and a second iliosacral screw (S2 screw) was placed after which the reduction was stable. In the other three patients, all of whom were obese, the rod was placed too deep ( Fig. 3) leading to patient discomfort, trouble sitting, and a depressed crease in their skin. The patients were brought back to the operating room to place longer and larger diameter screws so that the rod sat much higher above the sartorius muscle and its fascia and they improved. Patients at all four sites noted irritation of the lateral femoral cutaneous nerve: 27 of the 91 patients (30%) had irritation of the nerve, which occurred at the time of insertion of the ASPIF and resolved spontaneously.
In one patient, this occurred at the time of removal; the nerve was injured and the patient did not recover.
Heterotopic ossification occurred in 32 of the 91 patients (35%) around the implants but did not interfere with function or cause any symptoms. It occurred over the screws, screw caps, and rods in some cases. All hardware was removed between 3 and 6 months in this study population. There were no problems with implant removal at any site. Heterotopic ossification also did not cause any trouble with removal. Three patients sustained infections. One infection was treated by suppressing the infection for 3 months before removing the ASPIF. This patient was also the one with loss reduction, which was revised with revision of the ASPIF and a second iliosacral screw (S2 screw). In two other patients, the infection occurred 4 weeks after fixation. These patients were treated with irrigation, débridement, and removal of the ASPIF. A stress examination was stable so no other fixation was placed. After 6 weeks of antibiotics, the patients held their reduction and did not develop a deep infection (Table 3 ).
Discussion
The role of external fixation in improving outcomes of pelvic fractures has been demonstrated in several studies. However, the complication rates reported have ranged from 12% to 58% [1, 2, 4, 7, 11-17, 19, 21] (Table 3) . We devised an internal subcutaneous fixator (ASPIF) and hypothesized that it would stabilize unstable pelvic fractures resulting in healing with decreased complications. Our aim was to corroborate our early results [20] in a larger study with experienced pelvic surgeons and identify feasibility issues for a future prospective study. Specifically we asked if ASPIF (1) allows for definitive anterior pelvic stabilization of unstable fractures resulting in healing; (2) is well tolerated by patients allowing them mobility and comfort; and (3) has a comparable complication rate as that historically reported with anterior external fixation.
There are a number of limitations in the present study. First, this was a retrospective review and the number from each site was small (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Even with these small numbers, we found the approach easy to use and had similar outcomes and similar complications. Second, the study lacked a control group and disallowed direct comparison of results. This is the first study of its kind and serves to assess if ASPIF is a useful technique and if we should pursue its use further. Third, like with every new technique, there is a learning curve and some of the complications in the study may be related to this process so the results here are reported with all surgeons at the learning curve level. However, every surgeon involved in this study has considerable experience with pelvic surgery and the findings might not be generalizable to those who provide such treatment on an occasional basis. Fourth, the ASPIF technique uses FDA-approved implants for spinal fixation in an unapproved method in the pelvis. It is thus an off-label use. All sites used tools and implants that were available from spinal fixation sets but different implants were used at each site. An FDA-approved implant will take time in development. Finally, we had no rigorous approach to assessing radiographic union (eg, strict definitions, multiple blinded observers) and each surgeon evaluated their own radiographs. However, at last followup none of the patients had obvious nonunion.
We found the ASPIF in combination with posterior fixation allowed stabilization of unstable pelvis fractures resulting in predictable healing in all 91 patients. This is not unusual because the healing of unstable pelvic injuries with the use of external fixation has been reported to have low rates of nonunion (0%-4%) [1, 2, 4, 11-17, 19, 21] ( Table 3) .
It is well known that external fixators are cumbersome for patients as a result of their bulk, external location, and pin tracts. This is more evident in external pelvic fixators that tent across the abdomen. It makes it difficult for patient mobility. In the present study, all sites evaluated patient function by asking them to comment on their ability to sit, stand, lie on their sides, and their ability to tolerate the implants. It was clear from the responses that 91 of 91 patients had the ability to sit, stand, and ambulate with the device in place. The patients did report feeling the subcutaneous rod and several patients could feel the screw heads under their skin, but all patients tolerated the procedure well and none had the ASPIF removed because of discomfort or the inability to mobilize.
Revision surgeries occurred for six of 91 (7%) cases. Loss of reduction occurred in three of 91 cases (4%). Two were the result of unfamiliarity with the implants and failure of both anterior and posterior fixation in a third patient. We believe we could have avoided all three cases because they were attributed to technical error, were subsequently repaired, and led to good outcomes even in the patient with anterior and posterior failure who also had an infection. Loss of reduction has been reported in 7.5% to 60% of cases [7, 11, 19, 21] with anterior fixation as the definitive treatment of the pelvic injury before 2000 but with modern fixation techniques and supplemental posterior fixation, it has fallen to 0% to 6% [4, 13, 16, 17] . Three patients had the screw heads sunk too low resulting in the rod compressing the pelvic muscle and fascia. They were corrected with longer screws reinforcing the importance of keeping the screws off the bone, above the level of the fascia, but also at the level of the subcutaneous rod. In obese patients, there can be up to 5 cm of fat between the sartoris fascia and the skin, which provides a large space for the rod. It is better to leave the screw heads more prominent so the rod has little pressure on the fat and fascia here. Infection of the ASPIF occurred in three instances (4%) despite the device being internal. These infections resolved with eventual removal and antibiotics. This is certainly more troublesome than pin site infections occurring in 4% to 50% of patients with external fixation [1, 2, 4, 11-17, 19, 21] but which often can be treated with local care and antibiotics. Removal of definitive external fixation frames in the treatment for pelvic fractures owing to infection reportedly occurs in 0% to 12% of patients [1, 2, 4, 11, 13-17, 19, 21] . Aseptic loosening of the device was not noted in this series and is likely the result of the larger diameter screws that we use (7-8.5 mm) and the fact that the rod to bone distance is decreased with having an internal rod versus a rod that sits 5 to 10 cm above the skin and another 3 to 5 cm from the skin-to-bone interface. The literature reports an incidence of 0% to 19% [1, 2, 4, 11, 13-17, 19, 21] of this complication with several articles attributing the loosening to loss of fixation. Temporary irritation of the lateral femoral cutaneous nerve was observed in 30% of patients, being transient in all except one (one of 91). This was diagnosed with altered sensation or pain in its distribution. It is possible to injure the nerve during implantation and removal requiring awareness of this complication. Prior studies using supraacetabular pins [2, 5, 6] have reported injury to the lateral femoral cutaneous nerve in zero of 37 [16] , one of 14 (7%) [2] , and three of 45 (7%) [4] patients, which is much lower. These studies listed injured nerves and we listed irritation and permanent injury. We postulated that technique may have something to do with this, but it was present at all sites and each surgeon is familiar with supraacetabular placement of Schanz pins. Perhaps the placement and existence of a subcutaneous rod may have had something to do with this occurrence. We believe this requires further study and patients should be warned about the possible injury to the lateral femoral cutaneous nerve when doing the procedure and that it is usually temporary.
Heterotopic ossification was a common finding in our review and was noted in 32 of 91 patients (35%). Although the incidence of this complication is high in the present study, we have not noted any adverse effect of this occurrence to this date and we continue to follow the patients. Previous reports have recommended thorough lavage of the surgical site for prevention of this complication. We believed it was more prominent in patients who had the ASPIF left in longer; however, we were unable to prove that with the current database.
The subcutaneous fixator is intended as a temporary treatment with removal typically performed after 12 weeks. The device requires removal in the operating room, unlike an external fixator that may be removed in an outpatient setting.
Disruptions of the pelvic ring are complex injuries and should be managed on a case-specific basis. The ASPIF technique offers comfort and mobility for patients; it is not difficult to use because it builds on the prior work on external pelvic fixation [1, 2, 4, 7, 11-17, 19, 21] , two pin fixators [2, 4, 19] , and subcristal pin location [2, 4, 17] . It allows stable anterior fixation when combined with posterior reduction and fixation where indicated. Several complications, including technical errors, can be avoided by adhering to a proper technique and being familiar with the implants. Infection rates (3%) and aseptic loosening (0%) are low but heterotopic ossification and irritation of the lateral femoral cutaneous nerve are common and need to be further evaluated.
